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ABSTRACT
The textural anti compositional characteristics of the 400 m sequence of Pleistocene wackestones and packstones intersected 
at Ocean Drilling Program (ODP) Site 820 reflect deposition controlled by fluctuations in sea-level, and by variations in the rate 
of sediment supply. The development o f an effective reefal barrier adjacent to Site 820, between 760 k.y. and 1.01 Ma, resulted 
in a marked reduction in sediment accumulation rates on the central Great Barrier Reef outermost shelf and upper slope. This 
marked change corresponds with the transition from sigmoidal prograding scismic geometry in the lower 254 m of the sequence, 
to aggradational geometry in the top 146 m.
The reduction in the rale of sediment accumulation that followed development of the reefal barrier also caused a fundamental 
change in the way in which fluctuations in sea-level controlled sediment deposition. In the lower, progradational portion of the 
sequence, sea-level cyclicity is represented by superimposed coarsening-upward cycles. Although moderately calcareous 
throughout (mostly 35%-75% CaCOt). the depositional system acted in a similar manner to siliciclaslic shelf depositional systems. 
Relative sea-level rises resulted in deposition of more condensed, less calcareous, fine, muddy wackestones al the base of each 
cycle. Sea-level highstands resulted in increased sedimentation rales and greater influx of coarse bioclaslic material. Continued 
high rales of sedimentation of both coarse bioclastic material and mixed carbonate and terrigenous mud marked falling and low 
sea-levcls. This lower part of the sequence therefore is dominated by coarse packstones. with only thin wackestone intervals 
representing transgressions.
In contrast, sea-level fluctuations following formation of an effective reefal barrier produced a markedly different sedimentary 
record. The more slowly deposited aggradational sequence is characterized by discrete thin intcrbeds of relatively coarse packstone 
within a predominantly fine wackestone sequence. These thin packstone beds resulted from relatively low sedimentation rates 
during falling and low sea-levels, with much higher rates of muddy sediment accumulation during rising and high sea-levels. The 
transition from progradational to aggradational sequence geometry therefore corresponds to a transition from a “siliciclastic-typc" 
to a “carbonate-type" depositional system.
INTRODUCTION
Site 820 is located in a w ater depth o f 278 m on the outerm ost shelf, 
about 8 km northeast o f  the outer Great Barrier R eef and 48 km 
northeast o f  the Australian coastline (Fig. 1). It is the central o f  three 
sites that form  an outer shelf-to-upper slope drilling transect adjacent 
to Grafton Passage, a  navigable channel through the outer Great Barrier 
Reef. The principal aim o f  this transect was to understand the relation­
ship between seismic geometries, outer shelf/upper slope sedimenta­
tion, and rapid changes in global sea-level (Davies, M cKenzie, Palmer- 
Julson, et al.. 1991). The particular objectives at Site 820 (Feary et al., 
1990; Davies, M cKenzie, Palmer-Julson, et al., 1991) were as follows:
1. To determ ine the age and facies o f  central portions o f  the 
aggradational and progradational units im m ediately in front o f  the 
present-day G reat B arrier Reef.
2. To determ ine the relationship betw een sea-level and deposi­
tional facies to extract the sea-level signature.
3. To determ ine the tim ing and factors controlling the initiation of 
reef grow th on the central Great B arrier Reef.
4. To understand the factors controlling the transition from pro­
grading to aggrading depositional geom etries.
Drilling at Site 820 fulfilled each o f  these objectives, providing an 
excellent high resolution record o f outer-shelf and upper-slope sedi­
m entation throughout m uch o f  the Pleistocene.
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The characteristics o f  the progradational and aggradational seismic 
sequences intersected by Sites 819 to 821 are described more fully in 
Feary, Sym onds, et al. (this volume). Although each o f these holes 
intersected essentially the same sequence. Site 820 provides the best 
opportunity for detailed lithofacies-seismic correlation, as it intersects 
more o f  the seism ic sequences than Site 819, without the difficulties 
in along-strike correlation arising from slide planes cutting through the 
uppermost part o f the sequence (see Feary, Sym onds, et al., this 
volume). In addition, more o f  the seism ic sequences are visible above 
the obscuring effects o f  the first multiple on seism ic sections (Fig. 2), 
as a  consequence o f  its greater depth com pared with Site 821.
The sequence cored at Site 820 was deposited entirely within the 
Pleistocene. Calcareous nannofossil studies (Davies, M cKenzie, Pal- 
m er-Julson. et al.. 1991; Wei and Gartner, this volume) show that the 
lowermost sedim ents intersected are above the Calcidiscus macintyrei 
first appearance datum  (FAD) at 1.48 Ma. M icrofossil preservation 
varied from  excellent in the more clay-rich intervals to poor in coarser- 
grained intervals. Nannofossils provide a relatively coarse biostratig­
raphy for Site 820 (Fig. 3), with datum s at 12.1 m eters below seafloor 
(mbsf) (Emiliania huxleyi Acme, 0.075 Ma); 35.8 m bsf (Emiliania 
huxleyi last appearance datum  | LAD], 0.275 M a); 107.1 m bsffP^M tfo- 
emiliania lacunosa FAD, 0.465 M a); 163 m bsf (Gephyrocapsa spp. 
C-D LAD, 0.92 M a); 260.3 m bsf (Gephyrocapsa spp. A-B FAD, 1.10 
Ma); and at 271.7 m bsf (Helicosphaera selli FAD, 1.27 Ma). Plank- 
tonic foram inifers do not provide a m ore detailed basis for dating cores 
(Davies, M cKenzie. Palmer-Julson, et al., 1991).
This study further am plifies and develops the b rief lithofacies 
descriptions presented in the Leg 133 Initial Reports volum e (Davies, 
M cKenzie, Palm er-Julson, e t al., 1991). We present detailed com po­
sitional and textural data from  post-cruise laboratory studies, together 
with an analysis o f  the correspondence betw een lithofacies and down- 
hole logs.
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Figure I. Location of Site 820 on the central Great Barrier Reef outermost 
slope/upper shelf. The track of BMR seismic line 75/43T (see Fig. 2) and 
location of adjacent Sites 819 and 821 also are shown. Bathymetry in meters.
The Dunham  (1962) lim estone classification, as m odified by 
Embry and Klovan (1971), has been used for lithofacies description 
throughout this study, despite relatively low carbonate values (<40% ) 
w ithin som e finer-grained intervals. T his approach was adopted to 
avoid confusion betw een carbonate "m udstones" within m ore cal­
careous intervals, representing m ud-supported lithologies having less 
than 10% grains in the m edium  silt and finer classes (<31 |im ), and 
siliciclastic m udstones in less calcareous intervals that can include 
coarse silt (i.e., grain-sizes <63 Jim). Note that the suffix “ -stone" has 
no firm ness connotations (see Davies. M cKenzie. Palm er-Julson, et 
al., 1991). Because such a  large proportion o f  lithologies recovered 
at Site 820 are w ackestones, variations in grain-size within this broad 
class have been recognized by inform al subdivision into fine w acke­
stones (m axim um  grain-size <  125 |im ) and coarse wackestones (m ax­
im um  grain-size >125 (tm).
METHODS
H ydraulic piston coring o f  the first hole at Site 820 (Hole 820A) 
obtained 100% recovery o f the upperm ost 140 m o f  section (Davies, 
M cKenzie, Palm er-Julson. et al., 1991). O nce the limit o f  the hydrau­
lic piston corer was reached, vibrapercussive drilling w as continued 
to  the bottom  o f  Hole 820A at 144 mbsf. Hole 820B was drilled some 
2 0 m to th e  w esto f8 2 0 A , obtaining 100% recovery to 160 m bsf using 
the hydraulic piston corer. C ontinued drilling using the extended core 
barrel averaged 68% recovery to the total depth at 400 mbsf.
Analysis of Sediment Samples
T he textural and com positional data presented here are based on 
the analysis o f  297 core sam ples from  Holes 820A and 820B. H alf o f 
each sam ple (the working half) was disaggregated and wet-sieved into 
gravel and sand (>63 (im) and m ud (<63 jiin) fractions. The size 
distribution o f  the mud fraction was determ ined using a Sedigraph 
5100 X-ray particle size analyzer to provide the weight percent o f  
clay (<3.9 |im ) and silt (>3.9<63 |im ) com ponents (see A ppendix). 
In addition. Sedigraph size analysis provided data to determ ine weight 
percent o f  coarse silt (> 3 1 |im ) for distinguishing betw een m udstones 
and w ackestones (Fig. 3). The sand and gravel fraction was dry-sieved 
into >63, > 125-< 250 , > 250-< 500 , and > 500 (im subfractions. Each 
subfraction was exam ined under a b inocular m icroscope to determ ine 
sedim ent com position and also to estim ate the percentage o f  cem ented 
aggregates and authigenic pyrite. These com ponents w ere deducted
from the weight percent o f  each subtraction, so that the grain-size 
distribution data presented in the A ppendix reflect original grain-size 
variation as closely as possible. Note that significant proportions o f  
cem ented aggregates exist from  100 m bsf dow nw ard (see below), and 
that grain-size analyses w ould have been m eaningless w ithout the 
rem oval o f  cem ented aggregates from  these calculations.
C alcium  carbonate determ inations (see Appendix) were made on
I g o f  the archive h a lf o f  each sam ple using a pressure bom b technique 
(M uller and Gastner. 1971). Hydrochloric acid (usually 20 mL) was 
added to each sam ple until the sam ple was fully dissolved, and the 
pressure o f  evolved C 0 2 gas m easured. The gas pressure was converted 
to  percentage o f C aC O , using calibration curves determ ined from pure 
carbonate sam ples for each bomb. Calcium  carbonate analyses from 
Site 820 sam ples perform ed on board the JO ID E S Resolution  during 
the drilling leg were also included in the C aC O , data, after it was first 
established that any systematic difference resulting from the use o f  two 
different analytical m ethods was negligible (less than 2%).
Downhole Logging
Following com pletion o f coring o f  Hole 820B. the drill pipe was 
pulled to approxim ately 75 m bsf and four logging strings were sequen­
tially deployed (Davies, M cKenzie, Palmer-Julson, et a!., 1991); a 
geophysical tool string (sonic, spectral gamma-ray, high-tem perature 
lithodensity, phasor resistivity, m echanical caliper, and temperature 
tools); a  geochemical tool string (alum inum  clay, gam m a spectroscopy, 
spectral gamma-ray. and tem perature tools); a form ation m icroscanner 
tool string (form ation m icroscanner |FM S], spectral gamma-ray, incli­
nometer, and tem perature tools); and a vertical seismic profile tool. 
Although the reprocessed geochemical logs (see Pratson et al., this 
volume) include m easurem ents taken through the pipe in the top 75 m 
o f the hole, these m easurements are considerably more noisy and less 
reliable than open-hole m easurements. Note that gamm a-ray and neu­
tron porosity logs (Fig. 4) were processed post-cruise to com pensate 
for borehole size variations.
DOWNHOLE LOG RESULTS
D ow nhole logs from Site 820 provide continuous records o f  
changes in geochem istry and physical properties w ith depth. We used 
the reprocessed geochem ical logs o f Pratson et al. (this volum e), as 
well as the edited velocity and density logs o f  Jarrard et al. (this 
volum e). G eochem ical logs are most reliable, and velocity and density 
logs w ere obtainable only in the open-hole interval below  about 75 
mbsf. Therefore, Jarrard  et al. (this volum e) m erged the open-hole 
logs with shallow er m easurem ents o f  velocity and density from  cores 
to obtain continuous records that extend from  the seafloor to near the 
bottom  o f  the hole.
Log responses at Site 820 are dom inated by variations in relative 
abundance o f the two m ajor sedimentary com ponents: carbonate (low- 
M g calcite, high-M g calcite. dolomite, and aragonite) and clay m iner­
als (principally smectite, kaolinite. and illite; Cham ley et al., this 
volume). Quartz is subsidiary, with an abundance o f  only 5%  to 26% 
(Davies. M cKenzie, Palmer-Julson, et al., 1991). In this essentially 
two-component system, the calcium  geochem ical log was expected to 
be positively correlated with carbonate content. In contrast, the K20  
and A120 3 logs were expected to be inversely correlated with carbonate, 
because nearly all the potassium and aluminum are in clay minerals. At 
depths o f less than 1 to 2 k m , compaction has not yet established astrongly 
preferred orientation am ong platy clay minerals. Thus, clay-rich sedi­
ments have m uch higher porosity than do carbonates (e.g., Hamilton, 
1979). Consequently, velocity and density were expected to be  posi­
tively correlated with carbonate content, at least over short distances.
C om parison o f  calcium  carbonate content determ inations from 
individual sam ples w ith the calcium  log provided by the geochem ical 
tool string (Fig. 5) show s that the dow nhole tool provides a reasonably 
good approxim ation o f  carbonate content when m easuring through
316
SED1MENTOLOGY AND DOWNHOLE LOG ANALYSIS
23/00/3 ie
Sequence boundary ----------- Fault/s lum p surface ----------- ODP d rill hole _L
Figure 2. Seismic section across the central Great Barrier Reef outermost slope/upper shelf (BMR line 75/43T) showing lithological units intersected at Site 820. 
Location of seismic line is shown in Figure I.
the drill pipe in the upperm ost 75 m o f  the hole, and an excellent 
indication o f carbonate content in the open hole below 75 mbsf. 
Because o f the relatively close spacing (approxim ately 15 cm ) o f 
dow nhole m easurem ents, the calcium  log provides a better indication 
o f carbonate variations in the open hole than the m ore widely spaced 
carbonate determ inations from sam ples.
The suite o f  dow nhole logs presented here (Figs. 4  and 5) provide 
a c lear indication o f  the close correlation betw een log characteristics 
and sedim ent com positional and textural variabilities. The log char­
acteristics o f individual lithologic units are described within the 
lithofacies descriptions (see below). The boundaries betw een litho­
logic units and subunits can be reliably identified w ithin cores where 
core recovery was high; however, in zones o f  poor o r no recovery, 
dow nhole logs provide m ore precise estim ations o f  the locations o f 
the lithologic boundaries (Figs. 3 and 4).
LITHOFACIES
Lithologies recovered at Site 820 consist alm ost exclusively o f 
greenish-gray to dark greenish-gray wackestones interbedded with 
coarser, greenish-gray, bioclastic packstones (D avies. M cKenzie.
Palm er-Julson, et al.. 1991). Subtle variations in textural and com po­
sitional characteristics permit the identification o f  three lithologic 
units. U nit I (0 -1 4 6  m bsf) consists o f  bioclastic fine wackestone 
interbedded with bioclastic coarse wackestone and packstone hori­
zons. Unit II (146-208  m bsf) is a transitional unit that consists o f  
coarsening-upw ard sequences o f  bioclastic, clayey fine w ackestone 
grading up to very fine to fine sand-sized bioclastic w ackestone/pack- 
stone. Unit III (20 8 -4 0 0  m bsf) consists o f  seven coarsening-upw ard 
cycles (o r subunits), characterized by transitions from  bioclastic fine 
wackestone up to very fine to fine sand-sized bioclastic wacke- 
stone/packstone. T he fundam ental difference betw een Units II and 
III, characterized by coarsening-upw ard grain-size trends, and Unit I, 
lacking such obvious cyclicity but displaying episodic alternations 
betw een coarser and finer intervals, is illustrated schem atically in 
Figure 3. In Figures 6 and 7, we present grain-size distribution and 
carbonate content variation data for Site 820 sam ples.
Unit I
Unit I is dom inated by bioclastic fine w ackestone, with subsidiary 
interbedded bioclastic coarse wackestone/packstone horizons. The
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Figure 3. Lithofacies summary, nannofossil datums, and core recovery at Site 
820; grain-size variation is shown schematically, with coarser lithologies 
represented by increased column width. The proportion of coarse sill- and 
sand-sized detritus (>31 nm) also is shown. Nannofossil datums are after Wei 
and Gartner (this volume). Individual hydraulic piston cores are labeled 1H. 
2H, and so forth: 16V and 17V are vibrapercussive cores; and extended core 
barrel cores are labeled I8X, 19X, and so forth.
unit extends from  the sedim ent surface to 146 m bsf. where there is a 
transition into the coarscning-upw ard cycles w hich are characteristic 
o f  U nit II. T his transition can be correlated with a prom inent erosional 
unconform ity and sequence boundary on seism ic sections (Fig. 2). 
Unit I corresponds with the entire aggradational package that forms 
the G reat B arrier R eef outer shelf (Feary, Sym onds, et al., this 
volum e), overlying sequences characterized by progradational seis­
mic geom etries.
The coarse w ackestone/packstone horizons m ake up 28% o f  Unit I, 
occurring in 19 beds that range from  0.3 to 7 m thick (Fig. 3). 
Bioturbation mottling is pervasive throughout the entire unit, which 
tends to "blur”  bed boundaries. Burrows within the finer-grained 
portions o f  the unit are comm only filled with coarser-grained foram in- 
ifers and bioclasts. The grain-size difference betw een coarser and finer 
portions o f  Unit I is considerably greater than in underlying units (Fig. 
6). The coarser horizons within Unit I contain significant fine, m edium, 
and coarse to very coarse sand-sized com ponents, with three o f the 
coarse horizons containing more than 10% in the >500 (itn fraction 
(Fig. 6). The finer-grained wackestone horizons contain <15%  sand­
sized material (>63 (tm).
In general, carbonate content values w ithin the low er ha lf o f  Unit I 
are uniform ly high (>50% ), w hereas values w ithin the upper ha lf o f  
the unit show m uch greater variation, ranging from 30% to 80%  
(Fig. 7). C om positional variation throughout U nit I does not show the 
m arked correlation with textural variation that characterizes underly­
ing units. C oarser-grained horizons do have the highest carbonate 
content values (m ostly >70% ); however, finer w ackestone horizons 
show a w ide range o f  C aC O , values (Fig. 7). Finer horizons in the 
low er ha lf o f  Unit I have C aC O , contents consistently greater than 
60% , close to those o f the interbedded coarser horizons, w hereas finer 
intervals w ithin the upper ha lf o f  the unit have C a C 0 3 contents that 
range from  <40%  to >60% . The h igher carbonate content values 
within the low er h a lf o f  the unit are partly a result o f  the presence o f 
aggregates form ed by authigenic calcite cem entation (Fig. 7).
N o consistent cyclicity is apparent throughout Unit I, although 
there do  appear to be repeated coarsening-upw ard trends within the 
upperm ost 50  to 60 m o f  the sequence (7 -1 2 , 17-31, 3 6 -5 0 , and 
5 1 -6 3  mbsf)- These trends correspond to increasing carbonate con­
tent values. The transitions betw een cycles are m arked by abruptly 
decreased grain-size and C aC O , content values (Figs. 6 and 7). 
However, a m uch closer sam ple spacing (e.g., Peerdem an and Davies, 
this volum e) w ould be necessary to describe this cyclicity completely.
B ioclastic constituents throughout Unit I are dom inated by plank- 
tonic foram inifers. w ith coarse fractions (>125 |im ) also containing 
abundant benthic foram inifers, m olluscan and pteropod fragm ents, 
indeterm inate bioclastic fragm ents and spines, together with m inor 
echinoid, coral, coralline algal, and bryozoan fragm ents (Fig. 8). The 
proportion o f indeterm inate bioclastic material is greater in finer 
fractions. The coarse w ackestone/packstone beds at 7 and 32 m bsf 
(Fig. 3) also contain significant proportions o f  rhodoliths and litho- 
clasts (Fig. 9), and the thick, coarse-grained packstone/floalstone at 
124 m bsf contains abundant H alim edu  fragm ents. Terrigenous m ate­
rial is present throughout the unit as clay and as silt- and very fine 
sand-sized quartz and feldspar grains.
In contrast to  underlying units, dow nhole logs reflect the textural 
and com positional variability throughout Unit I poorly. O f the geo­
physical logs (Fig. 4), only the corrected density log reflects the 
grain-size and carbonate content cyclicity' that occurs w ithin the 
upperm ost 60 m . The geochem ical logs (Fig. 5) better reflect broad 
com positional and textural variability, although the influence o f  the 
drill pipe in the top 75 m  has introduced additional "noise” into the 
log signal. However, the generally high C aC O , values from core 
sam ples in the low er ha lf o f  Unit 1 are reflected in consistently high 
values in the C aC O , log and low values in the SiO : log. The coarser- 
grained horizons w ithin the low er part o f  the unit are also predictably 
reflected in low values on the K ,0  and A120 3 logs.
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Figure 4. Selected downhole logs from the geophysical tool string. The schematic summary on the left (from Fig. 3) shows the corresponding 
lithofacies variation and unit boundaries.
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Figure 5. Selected downhole logs from the geochemical tool string (after Pratson et al., this volume). The schematic summary on the left 
(from Fig. 3) shows the corresponding lithofacies variation and unit boundaries. The CaCO, percentages derived from onboard and 
laboratory sample analyses, shown next to the CaCOt downhole log for comparison, are from Figure 7.
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Figure 6. Grain-size distribution (see the Appendix) throughout Site 820. The schematic summary (from Fig. 3) shows the corresponding 
lithofacies variation and unit boundaries. The graphs on the right show proportions of individual size fractions, whereas the diagram on the 
left shows cumulative size fraction proportions.
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Figure 8. Photograph showing representative coarse fraction (>500 |im ) grain 
population from Unit I: the dominant constituents are planktonic foraminifers 
and indeterminate bioclastic fragments, together with benthic foraminifers and 
coral, echinoid. and mollusk fragments (138 mbsf: Sample 133-820A-15H-5, 
13 7 -139 cm). Scale bar =  2 mm.
Figure 7. Calcium carbonate content for Site 820. Data include post-cruise 
sample analyses (see the Appendix), merged with analyses performed during 
the cruise (Davies. McKenzie. Palmer-Julson. et al., 1991). The schematic 
summary is from Figure 3.
Figure 9. Photograph showing representative coarse fraction (>500 (im) grain 
populations from the coarsest bed within Unit I. Note the large, rounded 
lithoclasts and abundant bioclastic debris (32 mbsf: Sample 133-820B-4H-4, 
20-22 cm). Scale bar = 2 mm.
T he three nannofossil datum s occurring within Unit I (75 k.y. at 
12.1 mbsf; 275 k.y. at 35.8 mbsf; and 465 k.y. at 107.8 mbsf; see Wei 
and Gartner, this volume) provide reasonably good biostratigraphic 
age control. A lthough the occurrence o f  the 920 k.y. datum  toward the 
top o f  Unit II provides additional age constraint, the boundary between 
the two units is a  pronounced unconformity, implying significant 
m issing time (Feary. Sym onds. et al.. this volum e). Accordingly, it is 
difficult to estim ate sediment accum ulation rates and the age at the base 
o f the unit. Considerable variability exists in sediment accumulation 
rates between the nannofossil datum s occurring within Unit I (ranging 
from 38 cm/k.y. betw een the 275 and 465 k.y. datum s to 12 cm/k.y. 
between the 75 and 275 k.y. datum s, with 16 cm/k.y. at the top o f the 
unit). Evidence from seism ic data o f  debris flow deposition between 
36 and 70 m bsf (Feary, Sym onds. et al., this volume) implies that the 
increased sediment accumulation rate between 36 and 107.8 m bsf may 
have resulted from this process. Accordingly, an average accumulation 
rate o f approxim ately 13 cm/k.y. at the base o f  the unit has been used 
to estim ate an age o f 760 k.y. at the unit boundary.
Unit II
Unit II consists o f a m ixture o f  relatively coarse bioclastic pack­
stone: finer, clayey, bioclastic w ackestone; and fine-grained, silty
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w ackestone. This unit represents a transition betw een the thicker, 
coarsening-upw ard cycles o f  Unit III and the w ackestones with 
discrete interbedded packstone horizons o f  Unit I. T he base o f  Unit II 
is m arked by an abrupt coarsening, from  uniform  packstones at the 
top o f the upperm ost coarsening-upw ard cycle in Unit III to the base 
o f  a fining-upw ard sequence containing coarsc sand-sized bioclastic 
detritus. T his boundary corresponds with a pronounced erosional 
unconform ity in seism ic sections (Fig. 2; see Feary. Sym onds. et al.. 
this volume).
The 3-m -thick fining-upw ard interval (205-208  m bsf) that form s 
the base o f Unit II passes upw ard into a 9-m -thick, uniform ly fine­
grained w ackestone interval (197-205  mbsf) that contains negligible 
sand-sized detritus (Fig. 6). This is. in turn, overlain by four coarsen­
ing-upw ard cycles (179-197  m bsf: 161-179 mbsf: 151-161 mbsf; 
and 146-151 m bsf) that becom e progressively thinner, and with less 
w ell-defined grain-size gradation, toward the top o f the unit. In each 
case, cycles grade from fine-grained (silt-sized) w ackestones at the 
base, up into coarser (silt- to fine sand-sized) w ackestones to pack­
stones at the top. M inor bioturbation occurs throughout the finer- 
grained parts o f  this unit, w ith m any burrow s filled in with medium  
to coarse sand-sized grains, predom inantly foram inilers and bioclasts.
A close correspondence is seen betw een com positional and tex­
tural param eters, w ith coarser-grained portions o f  Unit II having 
h igher carbonate contents (up to 7 0% -80% ) com pared with finer- 
grained portions (<40% ) (Fig. 6; A ppendix). Com positional grada­
tions w ithin the central part o f Unit II are even more pronounced than 
textural gradations, as a consequence o f  authigcnic calcite form ation 
that produced abundant cem ented aggregates within coarser parts o f 
the lower two coarsening-upw ard cycles (Fig. 6). A lthough the bio­
clastic content varies with carbonate content throughout the unit, the 
bioclastic constituents show m uch less variation. Foram inifers dom i­
nate in coarser fractions (>250 (im), together w ith abundant bioclasts 
o f  indeterm inate origin and m inor m ollusk. ostracode, and coral 
fragm ents (F ig -10). Pteropods form  a significant proportion o f  coarse 
fractions toward the base o f  each cycle. Finer fractions (<250 |im ) 
also contain abundant foram inifers. but in addition contain large 
quantities o f  b ioclasts o f indeterm inate origin.
The finer-grained, less calcareous portions o f  Unit II, particularly 
the thick, finer interval toward the base o f  the unit (197-205  mbsf), 
have distinctive signatures in dow nhole logs (Figs. 4 and 5), repre­
sented by low values in velocity, induction, density, and C aC O , logs, 
and by high values in gam m a, S iO ,, FeO, K20 ,  and A h O , logs. In 
contrast, grain-size and carbonate gradations within coarser-grained, 
more calcareous intervals arc less obvious in m ost logs, although the 
three coarsening-upw ard cycles that com prise the bulk o f  the unit 
(151-197  m bsf) are clearly represented by increasing values in the 
velocity and C a C 0 3 logs. This close correspondence betw een the 
velocity log and the linked grain-size/carbonate content gradations is 
a consequence o f greater cem entation within the coarser zones (see 
proportion o f  cem ented aggregates in Fig. 7) that produced increased 
sonic velocities.
Biostratigraphic data show  that the 920-k.y. nannofossil datum 
occurs tow ard the top o f Unit II (Fig. 3); however, the next oldest 
datum , at 1.1 m.y., is well below the base o f  the unit (Wei and Gartner, 
this volume). T herefore, we were only able to estim ate Unit II duration 
by assum ing approxim ately constant sedim entation rates between 
datum s; a questionable assum ption, considering the time loss associ­
ated with the sequence boundary unconform ities and onlap surfaces 
at the base o f  Unit 1J and within Unit III (Feary. Sym onds, et al.. this 
volum e). Such a calculation provides a  crude estim ate for Unit II age 
o f  0 .760 to 1.015 m.y., and an average sedim entation rate at Site 820 
o f  24 cm/k.y. However, Site 820 is located on w hat was the margin 
o f  a subm arine valley during U nit II sedim entation (Feary, Sym onds. 
et al.. this volum e), and the depocenter at this time lay about 2 km 
toward the southeast. The average sedim entation rate for Unit II at the 
depocenter was approxim ately 60 cm/k.y.
Figure 10. Photograph showing representative coarse fraction (>500 (im) grain 
populations from Unit II (207 mbsf: Sample 133-820B-23X-3, 75-77 cm). 
Scale bar -  2 mm.
Unit III
Unit III is dom inated by dark greenish-gray, relatively coarse 
bioclastic w ackestone and packstone, with thin intervals o f  fine 
bioclastic w ackestone. The juxtaposition  o f  finer and coarser litholo- 
gies defines a  coarsening-upw ard cyclicity' w hich is the m ajor litho­
logic characteristic o f  the unit. Seism ic data (Fig. 2) show  that the 
Unit III interval intersected at Site 820 is the upperm ost part o f  a  thick 
succession characterized by prograding clinoform s (Feary, Sym onds, 
this volum e), and accordingly it is likely that sim ilar coarsening- 
upward lithological cycles extend m uch deeper into the sedim ent pile.
Although coarsening-upw ard cyclicity is the dom inant lithologi­
cal characteristic o f  this unit, it is nevertheless a subtle feature. A 
substantial proportion (60% -70% ) o f  clay and very fine to medium  
silt-sized m aterial (<31 |im ; see Fig. 3) occur within coarser parts o f  
each cycle. Sim ilarly, a  significant proportion ( l0 % -2 0 % ) o f  coarser 
detritus occurs w ithin finer portions o f each cycle, typically form ing 
thin (2 -4  cm ) foram inifer bioclast packstone beds. The grain-size 
variation within each cycle therefore is a slight variation in the relative 
proportions o f  m ud- and sand-sized com ponents. The cyclicity is best 
displayed by com paring variations in clay content with coarser m ate­
rial (Fig. 6). The top o f  each cycle is m arked by a relatively thin 
fining-upw ard interval. The six coarsening-upw ard cycles that com ­
prise this unit range from 22 to 48 m thick, with no discernible overall 
grain-size o r cycle thickness trends w ithin the unit.
B ioturbation m ottling occurs throughout Unit III, in som e cases 
com pletely disrupting thinner beds. This is particularly obvious where 
thin coarser beds occur within the finer portions o f  each cycle. Despite 
the pervasive bioturbation m ottling, ubiquitous lam ination occurs as 
thin, darker “w isps” w ithin the coarser packstone beds, and as more 
continuous horizontal lam ination within finer beds. O ne exam ple o f 
cross lam ination occurs at 342 mbsf.
As is the case with Unit II, textural cyclicity w ithin Unit III is 
matched by an even more pronounced carbonate content cyclicity 
(Fig. 7). C arbonate contents vary from  m axim a o f  60%  to 80%  within 
coarser parts o f  each cycle, to <50%  w ithin finer parts. H ow ever a 
slight difference exists betw een the textural and com positional cycli­
cities, w ith m uch thicker intervals o f  upw ard-decreasing C aC O , 
values com pared with the corresponding fining-upw ard intervals. 
This results in the C aC O , peaks occurring toward the m iddle o f  the 
coarsening- upw ard cycles, particularly in the lower parts o f  Unit III 
(Figs. 6 and 7). The proportion o f  aggregates form ed by authigenic 
calcite cem entation increases dow nhole (Fig. 7), w ith the highest 
C aC O , contents w ithin each cycle corresponding to the highest pro­
portions o f  cem ented aggregates. The proportion o f aggregates within 
the lower cycles o f  Unit III are sufficiently high to give the lithology
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a pronounced “chalky" appearance. In som e cases, the presence o f 
cem ented aggregates within the coarsest parts o f  each cycle has 
produced slight distortion o f grain-size graphs (Fig. 6), as a conse­
quence o f  the aggregate com ponent being discounted during particle 
size analysis (see above).
The com position o f grains within Unit III is essentially identical 
to that o f  Unit II, with the only difference being a decreased coral 
fragm ent com ponent. Foram inifers dom inate in coarser fractions 
(>250 |im ), and are particularly im portant (at the expense o f the 
proportion o f  indeterm inate bioclast fragm ents) at the top o f  coarsen­
ing-upw ard cycles. In addition to abundant indeterm inate bioclasts, 
there are m inor proportions o f  m olluscan and ostracod fragm ents. As 
is the case in U nit II. ptcropods form  a significant proportion o f  coarse 
fractions tow ard the base o f  each cycle. Finer fractions (<250 |im ) 
also contain abundant foram inifers. but in addition contain large 
quantities o f  indeterm inate bioclasts. Q uartz is present in trace quan­
tities in m any sam ples from  coarser parts o f  cycles, and is present as 
silt-sized particles within m ost fine fraction samples.
Unit III textural and com positional cyclicity is reflected on both 
geophysical and geochem ical dow nhole logs (Figs. 4  and 5). C yclicity 
is particularly obvious on the velocity log. reflecting increased veloc­
ities within the coarser, m ore calcareous cem ented zones. The phasor 
induction log sim ilarly show s a clear cyclicity. The density log 
indicates generally low er and m ore variable values within finer- 
grained intervals, which also yield h igher neutron porosity values. 
T he A120 3, K20 .  FeO. and SiO : geochem ical logs show increased 
values within the finer intervals, with the C aC O j log predictably 
show ing decreased values. The coarsening-upw ard trends are particu­
larly clear in the K ,0  and C aC O , logs.
Nannofossil data show that the 1. 10 M a (260.26 m bsf) and 1.27 Ma 
(271.65 m bsf) datum s occur within Unit III (Fig. 3) and that the next 
oldest datum  ( 1.48 M a) is not intersected at this site (Wei and Gartner, 
this volume). Accordingly, it was not possible to determ ine accurately 
either the age range or sedim entation rate for this unit. However, it was 
possible to estim ate an age o f  approxim ately 1.015 Ma for the top o f 
the unit, assum ing a broadly constant sedimentation rate. Accordingly, 
the m inimum average sedimentation rate for Unit III is 41 cm/k.y at 
Site 820. This corresponds to 143 cm/k.y. at the Unii III depocenter. 
which lies some 2 km to the southeast within a broad subm arine valley 
(Feary. Sym onds. et al.. this volume).
DISCUSSION AND CONCLUSIONS
Despite an overall lithological uniformity throughout the sequence 
cored at Site 820, textural and compositional analyses dem onstrate that 
the Pleistocene upperm ost slope to outerm ost shelf succession was 
deposited in two distinctively different sedimentation styles. The 
coarsening-upw ard and carbonate content cyclicity characteristic o f 
Unit III, clearly visible in dow nhole logs, is completely different from 
the finer lithofacies with coarse interbeds that dom inate Unit I. Unit II 
lithofacies represent a transitional sedimentation style. These different 
lithological units exactly correspond to m arkedly different seismic 
sequence geom etries identified from high-resolution site survey seis­
mic data (Fear)' et al., 1990; Feary, Sym onds. et al., this volume). 
Lithological Unit I corresponds to sequences characterized by aggra­
dational geom etry (seism ic sequences 1-3 o f  Feary. Sym onds, et al.. 
this volume); lithological Unit III to sequences characterized by sig­
moidal progradational geom etry (seism ic sequences 5 -9  o f Feary. 
Sym onds. et al., this volume); and lithological Unit II corresponds to 
a seism ic sequence (seism ic sequence 4 o f  Feary, Sym onds, et al.. this 
volume) possessing both aggradational and progradational character­
istics. Together with textural and compositional parameters, seismic 
facies characteristics therefore are an important elem ent for under­
standing the sedimentary processes and controls for each unit.
Seism ic data show that the sigm oidal progradational package 
(Unit III) represents rapid sedim entation within upper slope sub­
marine valleys, with deposition controlled by base-level variations
(Feary, Sym onds, et al., this volum e). C yclic alternation o f sedim ent 
onlap and drape are repeated throughout the progradational package. 
Onlap represents a  relative lowering o f  depositional base-level (Vail 
et al., 1977), w hich caused the locus o f  sedim entation to step o ff the 
paleoshelf edge and dow n into the subm arine valley system , w hereas 
drape represents a relative rise in depositional base-level, which 
perm itted sedim ent to  be deposited more evenly over the entire outer 
she lf and upper slope. Sedim ent was not point-sourced w ithin the 
region o f  the seism ic grid, but rather was supplied around the valley 
margins. The concentration o f  sedim ent on the southern side o f  the 
valley m argins for a num ber o f the progradational sequences indi­
cates that rew orking o f  she lf sedim ent into the valleys was at least 
partly the result o f  currents from the south (Feary. Sym onds, et al.. 
this volume).
Paleodepth estim ates from benthic foram inifer studies (Davies, 
M cKenzie, Palm er-Julson. et al.. 1991) provide a key elem ent for 
correlating the cyclic deposition, represented by the m ultiple coars­
ening-upw ard cycles characteristic o f the progradational sequences, 
with the base-level variations indicated by seism ic stratal relation­
ships. Paleodepth determ inations show that Site 820 faunas con­
sistently indicate upper bathyal (200-600  m) paleodepths in low er 
parts o f  the coarsening-upw ard cycles, and ou ter neritic (10 0 -2 0 0  m) 
paleodepths in h igher parts o f  the cycles (D avies, M cKenzie, Palmer- 
Julson, e ta l.. 1991). The coarsening-upw ard cycles therefore indicate 
repeated shallow ing-upw ard. regressive cycles, w ith the thin, fining- 
upward tops to each cycle representing deepening. Accordingly, it is 
possible to infer the relationship betw een this regressive cyclicity and 
lithofacies characteristics for each com ponent o f  depositional base- 
level variation as follow s:
1. Sea-level rise: produced a relatively condensed, muddy sequence, 
with coarse bioclastic material either not produced on the inner shelf, 
or trapped there: the mud com ponent was the "background" sedim ent 
deposited during all stages.
2. Sea-level highstand: produced the rapidly coarsening part o f 
each cycle, as the coarse bioclastic material that w as produced on the 
shelf during this and the rising base-level stage could be m oved 
offshore by shelf currents and storm s.
3. Sea-level fall: led to continued deposition o f both coarse and 
fine detritus, w ith a h igher sedim entation rate as drainage system s 
attem pted to m aintain equilibrium .
4. Sea-level lowstand: produced continued deposition o f both 
coarse and fine detritus, particularly concentrated w ithin the upper 
parts o f  subm arine valleys below  the shelf edge; this stage was 
abruptly term inated by the initiation o f  a rise in base-level, which 
produced the thin fining-upw ard top to each cycle.
This depositional sequence accounts for the relatively thick, coarser 
com ponent within each cycle, and also for the position o f  the coarsen­
ing-upward transition toward the base o f each cycle (Fig. 3). The 
occurrence o f  decreased C aC O , values toward the top o f  coarsening- 
upward cycles can also be understood, as a consequence o f  decreased 
flux o f  shelf-derived bioclasts and concom itant increases in terrigenous 
clay influx that resulted from decreased shelf “carbonate factory” 
(Jam es, 1979) production during sea-level lowstands.
This sedim entation style extends throughout Unit III and, based 
on seism ic data (Feary, Sym onds, et al., this volum e), is likely to 
extend m uch deeper beneath the outerm ost shelf into the Pliocene 
succession. The coarsening-upw ard cyclicity o f  Unit II. a lthough less 
well exhibited, probably was also deposited under a sim ilar base- 
level-controlled sedim entation regim e.
The keys to understanding sedim entary processes during Unit I 
deposition are provided by isotopic and radiocarbon data from  the 
upper part o f  H ole 820A  (Peerdetnan et al., this volum e; Peerdem an 
and Davies, this volum e). Peerdem an and D avies (this volum e) used 
a detailed age m odel derived from  radiocarbon data within the top 
8 m o f  Hole 820A to correlate isotopic data and lithofacies with an
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independently derived sea-level fluctuation record for the past 9,00() 
years (M cLean et al.. 1978; D avies and Hopley, 1983; Davies et al., 
1985). This show s the anticipated close correspondence betw een 
oxygen isotope values and fluctuations in sea-level. Peerdem an and 
Davies (this volum e) then used closely spaced oxygen isotope data to 
extend this relationship to the top 35 m o f  the sequence and concluded 
that lithofacies characteristics could be correlated with different parts 
o f  the sea-level cycle as follows:
1. Sea-level rise: initially produced a dram atically decreased pro­
portion o f  coarser detritus, follow ed by a slight gradual increase in 
the proportion o f  coarse m aterial. Initially, sedim entation during the 
transgression was relatively slow (22 cm/k.y.), but rapidly increased 
to 82 cm/k.y. T his was m atched by a significantly decreased carbonate 
content follow ed by a slight increase in C aC O , content.
2. Sea-level highstand: resulted in muddy, C aC O j-poor deposition 
with m oderate sedim entation rate (50 cm/k.y.).
3. Sea-level fall: produced a rapid increase in both sand-sized 
and carbonate com ponents, but with a  very low sedim entation rate 
(3 cm/k.y.) to form a condensed section.
4. Sea-level lowstand: resulted in continued highly calcareous, 
coarse-grained deposition.
The differences in sedim entation style betw een Units I and III can 
therefore be attributed to differences in response to sea-level fluctua­
tions. W hereas coarse, bioclastic. sand-sized detritus was deposited 
during highstand, regression, and lowstand parts o f  the sea-level cycle 
during Unit III, such coarsc material was only deposited during falling 
and low sea-level stages during Unit I sedim entation, with relatively 
low sedim entation rates. Conversely, the fine wackestones at the base 
o f  Unit III coarsening-upw ard cycles represent relatively condensed 
deposition during rises in sea-level, whereas the fine wackestones 
throughout Unit I represent relatively high rates o f  sedim entation 
during both rises and highstands o f  sea-level.
Sedim ent accumulation rates provide an important distinction be­
tween the different sedimentation styles. W hereas Unit III deposition 
was relatively rapid, w ith an average accumulation rate at the seismic 
sequence depocenters o f 146 cm/k.y. (Feary, Sym onds. et al.. this 
volume), the rate was m uch lower (75 cm/k.y.) during Unit II deposi­
tion and averaged less than 20 cm/k.y. throughout Unit I. Feary. 
Sym onds. et al. (this volum e) argue that these variations in sediment 
accumulation rate resulted from the initiation o f  outer Great Barrier 
R eef growth. These authors suggest that establishm ent o f a  reefal 
barrier began to affect sediment deposition on the outer shelf and upper 
slope at the boundary between Units III and II deposition, and was a 
fully effective barrier at the conclusion o f  Unit II deposition. They 
argue that the barrier essentially trapped inner shelf and terrigenous 
sediment inshore, and also excluded high energy events that might 
otherw ise have eroded inner shelf detritus and m oved it seaward.
This suggestion provides a  consistent explanation to account for 
the distinctively different sedim entation styles within the Site 820 
sedimentary record. At the base o f  the cored succession, coarse shelfal 
bioclastic m aterial, together with abundant mud. could be moved off­
shore by shelf currents and storm s essentially without impediment, 
with sea-level fluctuations producing a coarsening-upward cyclicity. 
In effect, prior to the initiation o f an effective reefal barrier between 
760 k.y. and 1.01 Ma, sedimentation processes on the outer shelf/upper 
slope were essentially identical to those o f  siliciclastic depositional 
system s (e.g., Jervey, 1988). despite the sediment being dom inantly 
carbonate. In contrast, following the form ation o f an effective barrier, 
a  shelfal carbonate-factory depositional system  (Jam es, 1979) released 
m uch less coarse bioclastic detritus through the barrier onto the outer­
most shelf. It is likely that the abundant bioclastic material generated 
by shelf reefs would have been retained and reworked on the inner 
shelf, and only m oved downslope through a few m ajor breaks in the 
outer barrier reef (Feary. Sym onds, et al.. this volume). However, 
offshore and dow nslope movement o f  finer material would have been
much less restricted by a barrier and would have been available in 
sufficient am ounts to dom inate Unit 1 sedimentation. The sedimentary 
characteristics o f  the sequence intersected at Site 820 therefore can 
be attributed both to sea-level fluctuations and to overall variations 
in the rate o f sediment supply that resulted from the transition from 
"siliciclastic-type” to "barred carbonate-type” sedimentation.
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APPENDIX
Grain-size distribution, calcium carbonate content, and proportion o f ce­
mented aggregates for samples analyzed are part o f this study. Note that sample 
data were omitted if stringent error checking indicated unreliable figures.
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APPENDIX
Grain-sue distribution, calcium carbonate content, and proportion of ccmcntcd aggregates for samples analyzed are presented as part of this study. 
Note that sample data were omitted if stringent error checking indicated unreliable figures.
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I33-820B4H-3.40-42 30 60 0.1 0 2 2.6 33 400 SM 260 0.2I33-820A4H4,48 50 31.18 0.1 0.1 0.3 1 5 376 f i  4 26 0 00
I33-820B-4H-3. 100-102 31.20 2.4 2.7 14 < 11.7 353 33.3 536 4
I33-820B4H 3. 146-148 31.66 19.0 7.7 98 106 27.4 254 480 24
133-820B-4H4. 20-22 31.90 21.0 14.2 7.7 178 214 17.9 499 2.8
I3.VR20B4H4.60-62 32.30 18.2 174 9.0 17.2 209 17.2 <3 6 1.1
I33-820A-4H-5.48-50 32 68 15.4 9.1 4.9 12.9 22.9 34.8 57.3
I33-820B-4H-4.110-112 32 80 55.9 44.1 64.7 03
I33-820A4H-5.60 62 32 80 13.0 103 5.7 17.0 I7 J 36.8 51.7 12
I33-820B4H 5.5-7 33.25 90 6 J 76 214 276 28.3 704 0.6
I33-820B-4H 5.40-42 3360 0.6 0,7 88 56 25J 59.1 704 0.6
133-820A-4H-6. 8-10 33.78 08 OS 60 9.1 419 4<>4 72.3 00
133-820A-4H-6.48-50 34 18 15.3 4.1 12.8 13.3 23.9 28.7 64.7 OJ
133-82084H-5,110-112 34.30 i s 1J 51 64 28 8 56.6 610 OJ
I33-820B-4H6,40 42 35.10 :i 1 .) i 3.3 102 510 34.9 666 (.0
I33-820A-4H-7.20-22 3540 06 0.4 4.1 8.1 448 42.0 647 OJ
133-82DA-5H-1,62-64 36.32 2.4 u 73 8.3 30.7 29.9 74.1 04
I33-820A-5H-2.62-64 37.82 OJ OJ 1.9 1.0 536 404 72.3 0 0
I33-820A-5H-3.62 64 39.32 0 ! 1.0 5.9 443 48.1 713 0.0
133-820A -5H -4.62 -64 40*2 04 O J 1 o 33 493 434 685 0 1
I33-820A 5H 5.62-64 42.32 02 04 tb 8 \ 34.3 35.3 4.1 0.0
I33-820A-5H6.62-64 43.82 1.1 OJ 3.8 S J 466 42.5 666 4.6
I33-820A-5H-7.49-51 45.19 o j 0.3 09 4.7 51.0 42.7 57.3 0.3
I33-820A-6H-1.49-51 45.69 02 0.3 1.1 5 J 49.6 43.7 480 04
I33-820A-6M-2.49-51 47.19 OJ 04 J 33 443 49.8 4*^ 0.1
I33-820A6H-3.49-5I 48.69 0.7 0.5 2.3 43 44.7 47.3 480 0.1
I33-820A-6H4.49-51 50.19 0.8 1.1 83 5 0 414 43.1 57.3 OJ
I33-820A6H-5.49-51 51.69 0.3 f i t 4.1 16.8 46J 31.8 72.3 OJ
133-820A-6H-6.49-51 53.19 2.1 1.8 23J 14.0 41.3 17.6 72.3 0.4
I33-820A-6H-7.49-51 54.69 0.4 0.4 13 39.8 51.7 44.3 0.1
I33-820A-7H-1.60 62 I s  & 09 0.6 5 2 s 503 39.2 554 0.4
133-820A-7H-2,60-62 56.80 0.6 OJ O ' 6.1 56.4 35.9 462 03
133-820A-7H-3.60-62 58.30 04 0.6 Oh 3 2 40.7 0.1
I33-820A-7H-4,60-62 59.80 0.3 0.4 14 6 J 446 47.0 44.3 0.1
133-820A-7H-5.60-62 61.30 44.3
133-820A-7M-6.60^2 62.80 0.4 03 13 3.7 436 50.6 2hO OJ
133-820A-7H-7.9-11 63 (Id OJ 5h .'4 1 353 34.4 536 0.9
I33-820A-8H-1.20-22 64.40 i 4 3.2 7.8 32.2 37 1 18.3 554 0.6
I33-820A-8H-1.67-69 M X ' 2.4 4.3 28J 10 l 29J 25 6 554 03
I33-820A-8H-2. 28-30 65.98 06 OH 34 «4i l 507 14 I 74.1 0.1
MV820A-8H-3. 28-V) 67 4X 0.4 0 6 88 ■in 544 27.8 62.9 fijfi
I33-820A-8H4.28-30 68 98 0 2 0 I 14 8.1 556 '4 1 704 IHI
I33-820A-8H-5. 28 30 70.48 0.7 fid 54 56 386 49J 666 0 0
I33-820A-8H-6. 28-30 71.98 0.3 03 3J 11.2 503 343 629 0.0
I33-820A 8H 7.28-30 73.48 0.1 0.1 23 9.9 51.9 35.6 554 0 0
I33-820A9H-1.90-92 74.60 0.1 0.1 l.l 13.5 493 35.7 61.0 0.0
I33-820A-9H-2.9-11 75.29 07 03 87 9.7 487 31.7 683 0.0
I33-820A-9H-2.90-92 76.10 0.3 O ' u IOJ 448 43.1 55.4 f i t
133-820A-9H-3.90 92 77.60 0.4 03 11 6.0 42 1 48.9 44.3 OJ
I33-820A-9H4.7 0  72 M Mi 0.8 1.7 4.1 8 4 39.7 30.2 74 1 0.1
I33-820A 9H 5.49-51 80.19 0.2 0.6 10 9.6 53 8 & I 81 7 0.1
I33-820A-9H-6.20-22 81.40 01 0.1 08 4.0 45.6 49.2 629 1.1
133-820A-9H-6. 39-41 13 2.J u 13.3 424 36! 51.7 OJ
I33-820A-9H-6.90-92 82.10 0.1 0.3 23 | J 443 39.6 554 0.0
133-820A-9H-7.20-22 82.90 c f i t 12 1 38.0 4< s 66.6 00
I33-820A-I0IM. 60-62 g  (0 0.4 06 83 45 5 42.0 704 on
133-820A-I0H-2.60-62 85.30 0.4 1.0 5.2 103 516 31.2 81 7 2.8
I33-820A-I0H-3.60-62 v, 0.1 0 1 i : 6.9 434 48.0 704 S o
133-82OAI0H-4.60-62 88.30 !i \ 0 4 1.0 4 J 40.3 S3 1 57.3 00
I33-82AA-I0H-5.60-62 89 JO 03 pQ 4 : 4 J 50.9 38.6 74.1 (.11 1
I33-820A-I0H-6.60-62 91.30 0.9 2 5 4 •> 134 444 33.9 713 0.0
I33 820A I0H 7.60 62 »  H S a IO 1.7 56 53.1 38.0 64.7 0.1
I33-820A 1IH 1.59-61 8 9 13 16 23 7.6 47.1 39.8 61.0 0 0
133-820A-11H-159-61 94.79 10 3.4 J ' 11.2 45.9 32.9 610 0.0
I33-820A-1IH-2. 107-109 95.27 11 43 8.4 16.8 42.4 269 57.3 0.0
I33-820A-I IH-3,59-61 96.29 i i : 0.3 1.1 5.6 53.6 M ; 70.4 OJ
I33-820A-IIH4. 59-61 97.79 OJ 04 1.4 6? 56.7 34.7 62.9 0 0
I33-820A-IIH-5.59-61 9919 0.1 fi fi 3.0 74 43.2 45.7 619 00
133-820A-1IH6.59-61 100 79 0.2 0.9 4.5 IOJ 46.9 37.3 619 2.2
133-820A-12H 1.28-30 102.48 323 s i  3 70.4 0 0
133-820A-I2H-I. 140-142 103.60 0.4 1.8 I5 J 8.0 35.9 M 7 70.4 0.0
I33-820A-I2H2.41-43 104.11 0.4 20 10.1 13.3 24.8 49.3 57.3 0 0
I33-820A-I2H-2.141-143 10S.U 123 9.0 13.7 116 34.7 17.b X r, 35.9
133-820A-I2H-3.43 45 105.63 453 54.5 72.3 6.6
I33 820A I2H-3.129 131 10649 0.2 OJ 4.7 9.0 411 43J 704 U
I33-820A-I2H4.129-131 107.99 03 0.4 4.7 25.9 413 27.2 76.0 4.1
133-820A-12H-5.129-131 109.49 00 0.5 48 13.9 34 7 46.0 74.1 8.7
133-820A-I2H-6.78-80 110.48 0.2 o. I 13 7.9 46J 43.9 NX 5 0.0
I33-820A-I2H-6.129-131 110.99 0.1 0.4 12 71 36.9 53.1 64.7 0.1
I33-820A-I3H-1.60-62 112-30 OJ o s 34 8.1 35.8 51.6 72.3 03
I33-820A-I3H-160-62 113.80 0.2 0.6 a 9 3 604 26.9 70.4 6.1
I33-820A-I3H-3.60-62 115.30 08 0.7 1.7 63 343 56.0 62.9 0.0
I33-820A-I3H4.60-62 116 80 0.2 AS 16 13.0 360 47.7 704 0 0
I33-820A-I3H-5.21-23 117.91 0.1 OJ 12 I5 J 44.0 38.1 57.3 00
I33-820A-I3H6.21-23 11941 423 573 S2 9 0.1
133-8208-13H-6. 30 32 120 50 83.6 56.9
I33^820AI3H6.139-141 120-59 03 04 14 70 550 34.9 59.1 0.1
I33-820A-I3H-7.21-23 120.91 03 0.1 5.1 163 38 6 39.4 704 264
I33-820B-13H-6, 110—1 2 121 JO 0.1 0.1 2.1 12.8 42 : 412 57.3 22.3
I33-820A-I4H. 1.20-22 12140 02 0.3 4.7 6.4 363 52.2 61.0 0.0
I33-820A-I4H-1.61-63 121.81 06 1.0 4.7 16.9 389 37.8 704 i  i
133-820B-I3II-7. 30 32 122.00 473 52.7 629 0 0
I33-820A-I4H-I.119-121 122.39 5.3 7.1 98 13.7 346 294 77.9 23.9
133-820B-14H-I. 30-32 122.50 06 0.5 1.8 13.3 29.7 54.0 57.3 0.1
133-820A-I4H-2.49-51 123 19 18.4 4,2 6.0 i f  1 36 5 24.8 62 9 03
I33-820B-14H-1,110-112 123.30 0.7 1J 33 25 0 293 393 46.2 OJ
133 820A-I4H-2. 100-102 123 70 25.1 4.2 5.1 83 26 1 IOJ 685 0.0
I33-820B 14H 2.30-32 124.00 |Q 1 7.1 93 17 0 29.1 27.1 76.0 48.3
I33-820A-I4H-3.60-62 124.35 5.7 9.7 6.6 119 263 39.7 619 1.1
I33-820B-14H-2. 110-112 124 80 OJ 1.9 3.6 >3 0 423 38.8 74.1 4.0
I33-820A-I4H4. 19-21 125 44 1.1 08 5.8 240 29.8 38.6 S33 0 6
133-R20B-14H-3. 30-32 12530 f i j 0 3 4.4 65 44.9 440 713 1.2
133-820A-I4H-5.78-80 126.79 2.7 4.4 83 17.3 293 37.6 o2 9 □
I33-820A-14H-5.130-132 127JI 0 2 0.5 1.7 8.1 371 524 57.3 00
I33-820A-I4H6.69-71 128 JO 0.8 Q 4.9 10.0 311 51.2 619 3.6
133-820A-14H7.69-71 129.01 0.7 0.7 1.6 10.3 33.4 s» 3 619 03
I33-820A-I5H.1.21-23 130.91 13 5.9 113 1 4 41.4 S I 666 113
I33-820A-I5H-I. 120-122 131.90 OJ 4.8 4.8 154 56.7 18.0 704 21.3
I33-820A-I5H-121-23 132.41 OJ 0.3 06 9 2 60.9 28.8 6X..5 6.9
I33-820A-I5H-3.21-23 133.91 8 1 OJ 04 74 59.8 32.1 64.7 3.9
I33-820B15H-3. 36 38 133.06 23 8.6 10.6 14 J 29.6 34.6 704 34.3
i n o a  ! 'i -*.21-23 135.41 Q 03 14 7.3 543 35.1 61.0 1.7
I t t - S tB  ifg -3.94-96 135.64 1.4 3.7 8.6 14.3 310 40 0 704 134
I33-820B-15H -3. 140-142 136.10 02 0 2 09 6.0 43 3 49.3 59 1 0.9
I33-820B-15H-4. 36-38 13636 01 OJ 3.0 73 41J 48.1 57.3 2.6
I33-820A-I5H -5.21-23 136.91 0.7 2.0 3.7 10.3 483 34.8 666 03




























133-820A-15H-5.137-139 13807 5.3 8.7 8.9 116 39.0 253 554 OO
I33-820A-I5M-6.40-42 138.60 02 -M I o 114 60 1 25.9 683 10.8
133-820B 15H-6. 36 38 13936 0 1 02 0 5 6.1 363 51.7 0.2
133-820A-15H-7.21-23 139.91 0.1 03 1.9 8.5 55.9 S j 55.4 00
I33-820A-16V-1.70-72 140.90 01 02 03 SX 52« 403 49.9 OJ
I33-820B-I5H-7. 36-38 141.06 02 03 0 6 6 0 16 4 56.6 57.3 0.0
I33-820B-I6H-1.30-32 14130 08 S3 12.1 9 5 29 0 45.0 55.4 50
133-820A-16V.2.20-22 141.90 00 04 0 5 73 56 9 34.9 53 fi 0.5
133-820B 1611-2. 30-32 14300 04 0.6 10 29.1 21.7 402 35.2 00
133-820B-I6H-3.9-11 144.29 IO 62 11.2 303 48.9 57.3 0.1
133-820BI7H-1.20-22 150.90 OJ 0 2 1.3 17 3 36.7 444 462 0.4
133-820B-I7H-1.97-99 15167 02 o.« 4.1 133 511 N - 51.7 0.1
133-8206-I7H-2. 20-22 15240 OJ OJ 1.8 17.6 37.4 421 48.0 0.1
I33-820B-I7H-2. 118-120 153.38 01 02 06 7.6 580 334 407 OJ
133-820B- I7H-3.20- 22 153.90 0.0 fi i o 1 6.7 VI5 fiB4 15.2 13
133 820B I7H 4 .20-22 155.40 0 1 0.1 0.4 6.2 29J 6 * 1 15 2 1.6
133-820B-I7H4. 56-58 155 76 00 on OJ 3 4 O J 62.6 33.3 06
I33-820B-I7H4.59-61 155.79 0.0 0.1 1.3 3 6 734 20.0 35 2 0.1
133-820B-I7H-5, 5-7 156.75 0 1 fij 0 j 5 2 36.2 SOI 38 8 2 0
133-820BI8X-1.76-78 16096 02 02 1 9.3 313 57.4 49.9 0.2
133-820B 18X-2.76-78 162.46 02 01 18 7.4 44.6 44 X 407 0.0
I33-820B I8X-3.76-78 16396 0 3 0 2 1,1 112 42 6 415 53.6 0.0
I33-820B-18X4. 122-124 165.92 1.0 1.6 5.1 15.7 43.4 33J 666 0 0
I33-820B-I9X-1,130-132 16630 0 3 03 I n 22.2 74.1 113
133-8208-I8X-5.50-52 166.70 1)4 1.3 7,8 I I I 563 23.0 723 133
133-820B-I9X-2,77-79 167.47 0 2 0.3 3.4 21.3 45 2 293 76.0 16.6
133-820B I8X-6. 102-104 168.72 0.9 13 3.3 20.5 45.8 28.3 573 00
I33-820B-19X-3.77-79 168 97 0 1 02 0.9 14.5 44.3 a  i 74.1 116
133-820B-I8X-7,10-12 169.30 0 0 07 3.7 i s | 49.8 29.9 74.1 761
1VV820B-19X-4.77-79 170.47 0.3 02 £ t 15.9 473 32.6 74.1 :x l
133 820B-I9X-5.77-79 171.97 02 0.4 3.8 109 474 37.3 723 03
133-820B-19X6.77-79 17347 0.0 0.8 13 142 42.6 41.0 74.1 613
133-820B-20X-1.54-56 175.34 OJ 0 4 04 30 413 52.6 -  | 0.1
I33-820B-20X-2.54-56 176.84 0.1 0.1 0.3 38 53.6 Q J 37.0 0 1
133-820B-20X-3.54-56 17834 03 03 M 1 443 37J 44.3 OO
133-820B-20X-4.56-58 179.86 OJ fiY M 15.6 436 31.6 666 16.3
133-820B-20X-5.56-58 181.36 0 2 0.4 3.9 10.2 54 6 30.7 704 20 fi
I33 820B 20X-6.98 100 18318 01 0.2 2 1 14.2 53.8 29.6 74.1 1.9
133 820B 21X 1.100 102 185.10 0.0 0.0 4.0 13.8 • S3 74.1 660
I33-820B-2IX-2.83-85 18643 0.0 0.6 0.4 54 55.6 70.4 00
133-820B-21X-3. 100-102 188.10 63.0 37.0 619 113
133-820B-2IX-4. 100-102 189.60 0.4 03 I J 8.9 48.9 400 55 4 0.1
133-820B.2IX-5. 100-102 191.10 01 0 » 0.7 7 J 43.7 473 4-.'i OJ
133 820B-2IXA97-99 19237 02 OJ 0.4 18 43.9 520 0.0
133-820B-21X6.99-101 19239 0 1 01 0 2 46.2 51.1 37.0 00
I33-820B-2IX-7. 30-32 193.40 f i t 0.1 02 3.1 49.2 47.3 407 o r
133-820B-21X-7.32-34 19342 OJ f i  I 83 4.8 50.9 4 1.2 37.0 0.1
I33-820B-22X-1. 56-58 194J6 oo fi : 0.1 24 49J 48.2 33 3 OJ
I33-820B-22X-2. 56 58 195.76 01 0.1 0 2 23 46.7 303 27 9 0.1
133^208 22X3.56-58 197 J 6 0.1 0 02 13 45.2 51.0 27.9 0.1
133-8208-22X4.54-56 198.74 0 1 OJ 0.4 3.9 423 53.0 29.7 0.0
133-820B-22X4. 56-58 198.76 03 0.3 0.2 4 5 461 486 27.9 0.0
133-820B.22X-5.56-58 afiafi 0 I 0.2 0? P 3*3 55 fi 26 0 01
133-820B 22X6. 56-58 201.76 01 0.1 fi i 3.7 40.7 55.1 20 0 on
133-820B-23X-I. 75-77 204.15 o s 03 u 7 J 45.0 45.0 55 4 13
133-820B-23X-175-77 205 65 05 1 1 2 « 117 49 x 173 53.6 33
133-820B-23X-3.75-77 207.15 3.3 3.1 4.6 113 44.0 334 573 0 2
I33-820B-23X-4.74-76 208.64 01 ...J 4 0 17.9 38.8 w | 66.6 11.0
133-820B-23X-5.74-76 210.14 OJ f i t 5 8 14.7 41.3 37.3 X5 5 19.1
133-820B-23X-6.72-74 21132 Oh 1.4 Vi 17.6 451 31.4 70.0 41.3
133-820B 24X-1.84 86 213.64 00 1.2 y 13.3 445 32J 760 69.4
I33-820B-24X-2.87-89 215.17 03 04 3.8 168 397 38.9 74.1 268
133-8208-24X-3.84-86 216.64 0.1 03 5.4 94 45.4 39.4 713 15.9
133-820B-24X-4.84-86 218.14 0 1 0 2 j 8.7 473 42 2 666 1.9
1J3-820B-24X-5.84-86 219.64 no 02 2.2 9.6 444 41.5 8 3 2.1
133-820B-24X-6.87-89 221.17 0.1 03 1.7 11.7 44.6 413 64.7 ‘ X
133-820B-25X-1.76-78 22326 0.0 0.2 10 9.3 49.1 394 619 4.7
133-820B-25X-2.55-57 22435 oo 0.1 1.0 11.3 52.1 35.5 61.0 2.3
I33-820B-25X-3.55-57 226.05 0.9 13 4.5 13.9 371 12 0 62.9 0.1
I33-820B-26X-I. 10-12 232.20 OK 0 4 33 r  i 48.4 29.7 619 35.7
133-820B-26X-1.84-86 B p 4 01 04 2 5 11.3 463 39.3 573 2.0
133 820B-26X-CC. 7-9 233.96 0 0 on 01 3.1 44 ' 51.9 44 I OS
133 8208 27X1.90-92 242.70 04 0.3 4.0 127 467 15 | 666 n o
133-820B-27X 2 .53-57 24385 44 1 55.9 666 4 j
133-820B-27X-3.55-57 245.35 03 13 14.0 76 41 3 704 SJ
133-820B-27X-4.55-57 246.85 0 2 0 4 14 114 41.8 43.9 647 11.3
133-820B-27X-5.55-57 OJ 03 4.3 7.7 45.9 413 61.0 66
133-8208-28X-1.56-58 251.66 0.1 02 66 9.8 404 42.9 57.3 12 3
133-8208 28X-2.55-57 253.15 0.1 0 2 0 5 6.5 46.4 46.3 4r,: 0 1
133-8208-28X 3.53-55 254.63 01 03 0 6 5.9 45.8 47.3 51.7 0.0
133-820B-28X4.55-57 256.15 08 1.0 1.6 80 533 35.0 37.0 00
133-820B-28X-5.55-57 25? 6< 0 0 £9 3.8 12 '> 47.4 35.2 5*6 21J
1 A3 820B-28X-5. 58-60 257.6R 01 I 6.1 18.2 42 1 31.7 51.7 0.1
133 820B-28X-6. 55-57 259.15 0 -- f i j l.l 14.0 43.5 40.6 31.5 0.1
133-820B-28X-7.10-12 260.20 1.9 2.0 4.8 14.7 46.4 |Q J 40.7 OJ
133-820B-29X-. 27-29 261.07 0.0 1.7 214 48 0 28.6 704 290
133-8208-29X 2. 28-30 26238 0.0 0.0 1.2 163 568 25 5 704 71.1
133-820B-29X-3. 52-54 26432 0(1 0.! 5.7 203 41.7 Q 0 64.7 89
133-820B-29X-4. 29-31 26539 00 f i t 04 183 Q J 2.V4 62.9 60J
133-820B-29X-CC, 17-19 266 62 01 o ; 9.7 14.3 464 29 < 683 164
133 8208 30X-1.21 23 27061 00 f i t 0 9 9.8 53.1 36.2 £54 316
133 8208 30X 1. 132-134 271.72 00 fig 5.1 12 52.4 35.1 62.9 4 1
I33-820B-30X-. 95-97 272.85 l.l 4 1 11.1 9.7 413 32.4 48.0 73
133-820B-30X-CC. 20-22 27360 OJ 02 0.9 11.3 473 :n 1 516 5.9
I33-820B-3IX-1. 31-33 28041 OJ 03 2 i 11.2 52 7 .13.' 48.0 100
133-820B-32X-1.14-16 289.84 on 02 66 17.9 453 30.0 61.0 503
I33 820B-32X-2.13-15 291.33 oo 0.6 13 209 464 29.9 62 9 56.6
133-820B-32X CC.9-11 292 48 0 1 07 so 9.0 4K 2 37.0 49.9 03
133-820B-33X -1.34-56 299.94 0.0 Ol 2 * 130 318 318 44.3 33.7
I33-820B-33X.2.50-52 301.40 0.0 0.1 1.0 113 45.1 42J 37.0 0.0
1VV820B-33X-3.53-55 302.93 S I 0.1 1.9 i i -6 45.8 38.7 37.0 0.0
133-820B-33X-4.53-55 *.C4‘ 00 0.1 7.1 73 42.5 42.7 35.2 0.0
133-820B-33X-5.54-56 305.94 00 0.1 1.2 9.3 41.9 473 S O 0 1
133 820B 33X-CC. 16 18 307.45 0.0 Ol 73 7.0 40.8 44 6 11.1 on
133 820B 34X 1.15-17 309.25 02 Ol 2.9 9.1 4 3 J 43.9 44.3 0.3
133-820B-34X-CC. 14-16 01 02 4.6 154 38.7 41.0 38.8 0.0
133-820B-34X-CC. 35-37 309.79 0 0 01 4.6 12 0 52 2 31.1 51.7 29 6
133-820B-35X-I. 25-27 319.05 00 01 3.1 17 0 4 ' <; 33.8 55 4 689
133-820B-35X-2. 39-41 320.69 0(1 00 1.9 13.2 511 33.7 62 t 60.3
133 820B-35X-3.4042 >22 .'0 0(1 M \ 03 173 54.0 27.6 61.0 67.1
133-8208-36X 1.54-56 329.04 01 fi 1 14 86 44.3 443 S'- 6 OJ
133-820B-36X-2.54-56 33034 f i t 0.1 5.6 68 50 1 373 49.9 4.9
1 33-820B-36X-3, 54-56 0 1 0 1 03 10.0 44.0 45.4 53.6 22.1
133-820B-36X4.54-56 <U54 0 2 f i j 113 12 0 43.7 323 42.5 <>5
133 820B-36X-5.54-56 335.04 00 0.2 0.8 112 43.7 43.0 534 '4
133 820B 36X6.54 56 33634 04 0.9 1.6 123 48.1 36.4 M 0 0
133-820B-36X-7.42-44 337.92 0.0 OO 0.4 102 52.1 37J 57.3 573
133-820B-37X-1.74-76 338.94 0 0 oo 1.6 U 47.9 44.9 24.2 0.0
133-820B-37X-1 74-76 >41! 44 0 0 0.1 3.2 6.9 42.9 46.8 27.9 OO
133-820B-37X-3. 58-60 341.78 00 Ol 1.7 3.1 41.6 53.6 24 2 0.0
133-8208-37X 4 . 58-60 343J8 0 ( 1 OO 03 8.8 45J 454 S3 0.0
133-820B-38X 1.72-74 348 62 0 1 0.1 33 4.6 34.7 56.9 22 4 0 0
I33-820B-38X-170-72 350.10 00 0.0 0.6 7.1 41.1 51.2 .’0 0 0.0
I33-820B-38X4.69-71 353.09 f i t OJ 3.1 14J 27J 54 J 33 3 00
133-820B-39X-1.48-50 357.98 i n 12 12.1 23.1 27.0 36.4 423 0.0
133-820B-39X-2.49-51 359 49 no 0 2 21.9 9.3 14.4 34.2 57.3 53 2
133-820B 39X 1 5 6  58 35956 OJ 03 68 13J 36.0 43.4 53.6 0.6
133-820B-39X-3.64-66 361.14 OO 0 » 120 13.8 39.0 34.8 48.0 48 1
133-820B40X-1.40-42 363.10 oo 0.0 18.6 12 4 41.7 274 49.9 44.0
133-820B40X-Z 40-42 364.60 DO 0 I 6 0 13.6 39.0 413 554 260
133-820B40X-1140-142 365.60 o 0 0.0 P 8.0 70.4 'J5S
133-8208 40X-3.40-42 366 10 OO 0 ! 64 20.7 38.7 34.1 64.7 191
133-82084IX 1.46^48 367 56 oo 0.0 3.7 12 723 769
133-820841X-2.46-48 369.06 576 424 57.3 366
133-820B41X-1 142-144 370.02 oo 0.1 3.6 11.9 48.8 35.6 62.9 59.3
133-820841X-3,46-48 37036 oo 0.0 0.1 70 74.1 90 1
133-820841X4.46-48 372.06 no 0 0 0.1 7.6 66.6
133-82084IX-5.4648 373.56 n i 00 0 J <4 47.7 466 619 42 3
133-820B42X-I. 100-102 377.70 OO oo OK 112 48.9 370 7 9 . 55 0
133-8208 4 2 X -1 100-102 37910 0.0 02 1 0 16.8 43.7 344 600 717
133-820B42X-3.100-102 00 01 07 111 64.7 93.3
I33-820B42X4.100-102 m  s 00 0.0 OS 14 V 45.6 38.8 53.6 610
133-820B42X-5. 100-102 383.70 0 0 0.1 02 KV 516 39.2 48.0 24.7
133-820B42X-TC. 24-26 >v,4 44 0 0 0 0 02 7.0 55.4 806
133-820B-43X4X. 12-14 38632 0.0 02 6 6 13.1 35.6 423 40 7 17.9
133-8208-UX-l. 10-12 396.10 oo 0.1 7.8 62 44.8 41.0 40.7 05
133-820844X -10-2 39730 oo fi] 0.8 15.6 45.0 38.6 48.0 290
133-820B44X-CC. 10-12 39835 0.0 0.2 4.7 17.3 59.1 75.0
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